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Viruses have resisted prophylaxis or therapy longer than any
form of life. This is due to the nature of these infectious
agents, which totally depend upon the cell they infect for their
multiplication and survival. This unique characteristic has
made it very difficult to develop effective chemotherapeutic
agents for the treatment of viral infections (Garcia et al. 1999).
Acute and recurrent herpes simplex virus Type 1 (HSV-
1) infections remain an important problem both in developed
and developing countries, due to their morbidity and
mortality. HSV-1 produces skin infections and causes oral,
facial cutaneous, esophageal and cerebral diseases. These
pathologies may result from a primary infection or, alter-
natively, from a reactivation of a latent infection. The illness
is more serious in patients with compromised cellular
immunity, who must receive chronic therapy with antivirals,
favouring the selection of resistant variants (Kott et al. 1999).
HSV-1 causes infections ranging from asymptomatic to life-
threatening diseases, even in the presence of humoral and
cell-mediated immunity. HSV-1 infections may lead not only
to symptomatic primary disease but also to the development
of recurrent lesions, following reactivation of the latent virus
in the neurons of the sensory ganglia.
The emergence of drug-resistant mutants of HSV-1,
coupled with the toxicity of drugs towards uninfected cells
and their prohibitive costs, has been the reason for an
extended search for newer drugs. Drugs, particularly from 
the traditional system of medicine, which could be less toxic,
relatively cheap and with less undesired effects, are needed
(Padma et al. 1998). The screening of plants as a possible
source of antivirals has led to the discovery of potent inhibitors
of in vitro viral growth and the use of ethnopharmacological
approaches enhances the probability of identifying new
bioactive plant compounds (Vanden Berghe and Vlietinck
1986, Tabba et al. 1989, Hudson 1990). These plant products
are especially useful because of their abundance in nature,
and also sometimes for their low cytotoxicity.
Euclea natalensis is widely known in folk medicine for
the relief of itches, and is used as a disinfectant bath and
poultice to the affected area, apart from being used for
headache, toothache and chest diseases. Powdered root
bark is used as an ingredient in medicines to treat skin
lesions in leprosy, urinary tract infections, venereal diseases
and dysmenorrhoea (Watt and Breyer-Brandwijk 1962,
Bryant 1966, Khan et al. 1978, Lall et al. 2003). Root
infusions are applied in sores and wounds (Pujol 1990). In
this study, the antiviral effect of the crude extracts of E.
natalensis and a naphthoquinone, diospyrin, isolated from
the plant, was investigated for activity by in vitro studies
on primary vervet monkey kidney (VK) cells.
Roots of Euclea natalensis A. DC. (Ebenaceae) were
collected from Maputuland, a region in the KwaZulu-Natal
province of South Africa. A voucher specimen (NL 22) was
deposited and identified at the HGWJ Schweickerdt
Herbarium (PRU), Pretoria. The acetone extract of E. nata-
lensis was prepared by stirring 40g of the powdered root
in 2l of acetone for two days under reflux. The water extract
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The inhibitory effect of crude extracts of Euclea
natalensis A. DC. and a naphthoquinone, diospyrin,
isolated from this species, was investigated against
herpes simplex virus Type 1 (HSV-1) for activity by in
vitro studies on primary vervet monkey kidney (VK)
cells. Cell toxicity was monitored by determining the
effect of the extracts and diospyrin on the monolayers
of VK cells. The dose of the plant samples that inhibited
50% cell growth (ID50) after the incubation period was
0.1mg ml–1 and 0.2mg ml–1 for acetone and water
extracts, respectively. Diospyrin exhibited an ID50 of
0.02mg ml–1 on VK cells. The water extract from the
roots of the plant was the least toxic to cell cultures
and inhibited the replication of HSV-1 moderately at a
concentration of 0.2mg ml–1. Diospyrin had no inhibitory
effect against the virus. However, acetone extracts
inhibited the replication of the virus at concentrations
ranging from 0.1mg ml–1 to 0.02mg ml–1, as shown by
the reduction of virus- induced cytopathogenic effects
and the protection of cells in a cell viability assay.
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was prepared by boiling 20g of powdered root in 500ml
distilled water for 30min, similar to the traditional preparation
by South Africans for various infections. The extract was
filtered and concentrated to dryness under reduced
pressure. Diospyrin was isolated from the roots of Euclea
natalensis, as described previously (Lall et al. 2003). The
acetonic and water residue was later dissolved in dimethyl
sulfoxide (DMSO) Merck and distilled water, respectively,
to obtain a concentration of 500mg ml–1, from which aliquots
were diluted with Eagle’s minimum essential medium (MEM)
(Highveld Biological Pty Ltd, Kelvin, South Africa), to obtain
the desired concentrations.
Plant extracts were evaluated for toxicity against VK cells
according to standard cell culture techniques, as outlined
by Girst et al. (1979). Monolayers of VK cells were prepared
by seeding 96-well microtitre trays with 105 cells ml–1.
Eagle’s MEM (Highveld Biological Pty Ltd), supplemented
with 10% heat-inactivated (56°C for 30min) foetal calf serum
(FCS) (Delta Bioproducts, Kempton Park, South Africa) and
containing 100U ml–1 penicillin and 100µg ml–1 streptomycin,
was used for the propagation of the cells. Cell cultures were
incubated in a humidified CO2 atmosphere (5% CO2:95%
filtered air) at 37°C. Maintenance medium (MM) was
essentially the same as the propagation medium, except
that it contained only 1–2% FCS.
A stock suspension of virus, with a titre of 106.5 TCID50 per
microtitre well, was prepared from a clinical isolate of HSV-
1. The virus suspension was diluted in MM and used at a
final concentration of 100 TCID50 per microtitre well. Cell
toxicity was monitored by determining the effect of the plant
samples’ preparations on cell morphology and cell viability.
Monolayers of VK cells were prepared separately in 96-well
microtitre trays by seeding each with 200µl 105 cells ml–1 in
10% MEM. Doubling dilutions of acetone and water extracts
from a concentration of 2.0mg ml–1 to 0.01mg ml–1 were
prepared in MM. Doubling dilutions of diospyrin were
prepared from a concentration of 0.2mg ml–1 to 0.001mg ml–1.
The extracts and diospyrin were tested for cytotoxicity by
exposing the monolayers of the cell cultures to 200µl
dilutions of the compound in MM at 37°C. Monolayers of
cells exposed to MM, without the addition of extracts, were
used as controls. The final concentration of DMSO did not
exceed 0.2% in the microtitre wells. The cells were
monitored over a period of seven days. The morphology of
the cells was inspected daily and observed for micro-
scopically detectable alteration, i.e. loss of monolayer, roun-
ding, shrinking of cells, granulations and vacuolisation in
the cytoplasm. Results were expressed as the dose that
inhibits 50% cell growth after the incubation period (ID50).
Acetone and water extracts were tested for antiviral
activity at the final concentrations of 0.1–0.005mg ml–1 and
0.2–0.01mg ml–1, respectively. Diospyrin was tested at
concentrations ranging from 0.02mg ml–1 to 0.001mg ml–1.
The final concentration of virus in the assay was 100 TCID50
per microtitre well. Different dilutions of extract solution
(100µl) and 100µl of the viral suspension, both diluted in
MM, were added simultaneously to monolayers of each cell
culture in the microtitre wells. As positive controls, cells
were infected with the same concentration of virus but
without the addition of plant extracts, and as a negative or
cell control, only MM was added to the cells. Cells were
examined daily by light microscopy for the appearance of
a cytopathic effect (CPE). After seven days, the enzyme
activity of viable cells in the microtitres was measured by
the conversion of MTT (3-4, 5-dimethylthiazol-2,5-diphenyl
tetrazolium bromide, Sigma Chemical Co., St Louis,
Missouri) to a purple formazan precipitate, as described
previously (Van Rensburg et al. 1994). The absence of CPE
at a specific concentration of compound, at the same time
that the corresponding positive control showed CPE, was
considered to be indicative of antiviral activity.
The concentrations that inhibited 50% cell growth (ID50),
after the incubation period in the cytotoxicity assay, were
found to be 0.1mg ml–1, 0.2mg ml–1 and 0.02mg ml–1 for
acetone, water extracts (E. natalensis) and diospyrin,
respectively. In the antiviral assay it was found that the
acetone extract of E. natalensis showed moderate antiviral
activity against HSV-1, at concentrations of 0.1–0.02mg ml–1.
At these concentrations, <50% cytotoxicity was observed on
the cells in the MTT assay. Water extracts exhibited weak
activity at a concentration of 0.2mg ml–1, which corresponded
to a 42% cytopathic effect. The inhibitory activity, as shown
in Table 1, exhibited a dose-dependent relationship.
Diospyrin, a naphthoquinone isolated from the acetone
extract of E. natalensis, had no inhibitory activity against
the virus, as was reported by Send et al. (1996). No activity
was detected when two new naphthoquinones, rhina-
canthin-C and rhinacanthin-D, isolated from Rhinacanthus
nasutus, were tested against respiratory syncytial virus
(RSV), influenza A virus (Flu-A) and herpes simplex virus
Type 1 or 2 (Send et al. 1996). However, Vanden Berghe
Concentration Cytopathic effect post-
(mg ml–1) infection (%)
Acetone extract
0.100 28.6
0.050 40.0
0.020 43.9
0.010 50.8
0.005 57.6
Water extract
0.20 42.0
0.10 64.5
0.05 72.2
0.02 77.8
0.01 73.6
Diospyrin
0.020 73.1
0.010 78.6
0.005 82.0
0.002 85.0
0.001 82.0
Positive control 75.0
Negative control 0.0
Table 1: Dose response pattern of herpes simplex virus Type 1
on VK cells to root extracts of Euclea natalensis and diospyrin
after seven days
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and Vlietinck (1986) have shown that the naphthoquinone
juglone was active against HSV-1. Traditionally, plant
extracts are usually prepared with water (for example,
infusions, decoctions and poultices), so it would seem
unlikely that the traditional healer would have extracted
those compounds which are responsible for activity in ace-
tone extracts.
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